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The molecule of the title compound, C 18 H 19 N 3 05, adopts a 
curved arrangement with the terminal benzene rings lying to 
the same side. The hydroxylbenzene ring is close to coplanar 
with the adjacent hydrazine residue [dihedral angle = 
11.14 (12)°], an observation which correlates with the 
presence of an intramolecular O— H- ■ N hydrogen bond. 
The benzyl ring forms a dihedral angle of 50.84 (13)° with the 
adjacent carbamate group. A twist in the molecule, at the 
chiral C atom, is reflected in the dihedral angle of 80.21 (12)° 
formed between the amide residues. In the crystal, two- 
dimensional arrays in the ac plane are mediated by O— H- ■ O 
and N— H- ■ O hydrogen bonds. 

Related literature 

For background to the use of L-serine derivatives in anti- 
tumour therapy, see: Jiao et al. (2009); Yakura et al. (2007). For 
background to A'-acylhydrazone derivatives from L-serine for 
anti-tumour testing, see: Pinheiro et al. (2010, 2011a,£>); de 
Souza et al. (2010, 2011); Howie et al. (2011). 
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Experimental 

Crystal data 

C 18 H 19 N 3 0 5 
M, = 357.36 
Monoclinic, P2^ 
a = 5.0338 (5) A 
b = 31.357 (3) A 
c = 5.5882 (6) A 
B = 97.890 (3)° 

Data collection 

Bruker-Nonius Roper CCD camera 
on /c-goniostat diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2007) 
T min = 0.654, r mK = 0.746 

Refinement 

R[F 2 > 2a(F 2 )] = 0.053 

wR(F 2 ) = 0.098 

S = 1.06 

2034 reflections 

247 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 873.72 (16) A 3 
Z = 2 

Mo Ka radiation 
li = 0.10 mm -1 
T = 120 K 

0.25 x 0.05 x 0.02 mm 



8786 measured reflections 
2034 independent reflections 
1485 reflections with / > 2r/(7) 
R<„, = 0.066 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.17 e A~ 3 

Apmin = -0.20 e A~ 3 



D- 


-H- ■ A 




D-H 


H- ■ A 


D--A 


D-H- - A 


Ol 


-Hlo-- 


■Nl 


0.90 (5) 


1.88 (5) 


2.648 (4) 


143 (4) 


03 


-H3o-- 


■02' 


0.84 (5) 


1.79 (5) 


2.616 (4) 


167 (5) 


N2- 


-H2n- ■ 


■03 u 


0.90 (4) 


1.87 (4) 


2.758 (4) 


168 (4) 


N3- 


-H3n- ■ 


■04 U1 


0.95 (4) 


1.97 (4) 


2.897 (4) 


165 (3) 



Symmetry codes: (i) x — 1, y, z\ (ii) X, y, z — 1; (iii) x+ I, y, z. 

Data collection: COLLECT (Hooft, 1998); cell refinement: 
DENZO (Otwinowski & Minor, 1997) and COLLECT; data reduc- 
tion: DENZO and COLLECT; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 
(Farrugia, 1997) and DIAMOND (Brandenburg, 2006); software used 
to prepare material for publication: publCIF (Westrip, 2010). 
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Benzyl A r -(2-hydroxy-l-{A^-[(l£)-2-hydroxybenzylidene]hydrazinecarbonyl}ethyl)carbamate 
E. R. T. Tiekink, M. V. N. de Souza, A. C. Pinheiro, S. M. S. V. Wardell and J. L. Wardell 

Comment 

The known anti-tumour activity of L-serine derivatives (Jiao et ah, 2009; Yakura et ah, 2007) motivates the development of 
A'-acylhydrazone derivatives from Z-serine for anti-tumour testing (Pinheiro et ah, 2010; de Souza et ah, 2010; Pinheiro et 
ah, 2011a; Pinheiro et ah, 201 1Z>, de Souza et ah, 2011; Howie et ah, 2011), and led to the analysis of (I). 

The absolute structure of (I) could not be determined experimentally but, the assignment of the 5-configuration at the C9 
atom is based on a starting reagent, Z-serine. The structure of (I), Fig. 1, adopts a curved conformation with both benzene 
rings lying to the same side of the molecule. The presence of an intramolecular O — H - N hydrogen bond ensures that the hy- 
dro xybenzene group is co-planar with the adjacent hydrazine residue with the dihedral angle between the (02,N1,N2,C7,C8) 
and (C1-C6) planes being 11.14 (12) °. By contrast, the benzene ring adjacent to the carbamate residue is twisted as seen 
in the value of the dihedral angle formed between (04,05,N3,01) and (C13-C18) of 50.84 (13) °. The dihedral angle 
between the two terminal benzene rings is 75.89 (19) °. The molecule is twisted about the chiral centre with the dihedral 
angle formed between the two amide residues, i.e. N2,C8,02 and N3,C11,04, being 80.21 (12) °. 

Hydrogen bonds dominate the crystal packing, Table 1 . Thus, the secondary hydroxyl group forms a O — H O hydrogen 
bond to the hydrazine-carbonyl-02, and accepts a N — H-.O hydrogen bond from the hydrazine-amine, leading to chains 
along the c axis. The carbamate-amine forms a N — H---0 hydrogen bond to the carbamate-carbonyl-04, leading to chains 
along the a axis. The result is the formation of a two-dimensional array in the ac plane, Fig. 2. The layers stack along the 
b axis, Fig. 3. 

Experimental 

To a stirred solution of methyl (25)-2-[(benzyloxycarbonyl)amino]-3-hydroxypropanoate (0.3 g, 1.17 mmol), prepared from 
(26)-2-amino-3-hydroxypropanoate hydrochloride and benzyl chloro formate (21 ml, 0.15 mol), in ethanol (10 ml) was added 
N2H4.H2O (80%, 5.5 mmol). The reaction mixture was stirred for 24 h at room temperature, rotary evaporated and the 
residue washed with cold ethanol (3x10 ml) to give benzyl (lS)-2-hydrazino-l-(hydroxymethyl)-2-oxoethylcarbamate in 
78% yield, which was used as such for the next stage. To a stirred solution of (5)-PhCH 2 OCONHCH(CH 2 OH)CONHNH 2 
(1.0 mmol) in ethanol (10 ml) at room temperature was added 2-hydroxybenzaldehyde (1.05 mmol). The reaction mixture 
was refluxed for 4 h, rotary evaporated and the residue purified by washing with cold ethanol (3x10 ml), affording the 
title compound, M.pt. 433 K, yield 89%. The sample for the structure determination was recrystallized from EtOH to yield 

colourless laths. ! H NMR (500 MHz, DMSO-d6) 5 (p.p.m.): 11.79 {IH, s, NHN), 11.12 {IH, s, Ph— OH), 8.46 {IH, s, N= 
CH, (Z)-diastereomer), 7.52 {IH, dd, J = 7.8 and J = 1.5, H6), 7.48 {IH, d, J = 7.8, NHCH), 7.40-7.20 {6H, m, Ph and 
(H4 or H5)), 6.93-6.84 {2H, m, H3 and (H4 or H5)), 5.05 {3H, m, CH2Ph and OH), 4.13 {IH, m, CH), 3.80-3.60 {2H, m, 

CH 2 OH). 13 CNMR(125 MHz, DMSO-d6) 5 (p.p.m.): 171.6, 157.8, 156.4, 141.2, 137.4, 131.9, 131.6, 129.8, 128.8, 128.3, 

128.2, 126.7, 119.9, 119.1, 116.6, 65.9, 61.5, 55.0. IR (cm" 1 , KBr): 3312 v(0— H), 1681 v(COCH and COO). MS/ESI: 
[M— H]: 356.3. 
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Refinement 

The C-bound H atoms were geometrically placed (C-H = 0.95-1.00 A) and refined as riding with £/j S0 (H) = 1.2-1.51/^(0). 
The O- and N-bound H atoms were located from a difference map and refined with the distance restraints O-H = 0.84 ± 
0.01 and N-H = 0.88±0.01 A, and with C/j S0 (H) = z[/ eq (carrier atom); z = 1.5 for O and z = 1.2 for N. In the absence of 
significant anomalous scattering effects, 1896 Friedel pairs were averaged in the final refinement. However, the absolute 
configuration was assigned on the basis of the chirality of the Z-serine starting material. 



Figures 
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Fig. 1 . The molecular structure of (I) showing displacement ellipsoids at the 50% probability 
level. 
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Fig. 2. A view of the supramolecular array in the ac plane in (I) with the O — H-0 and 

N — H-O hydrogen bonding shown as orange and blue dashed lines, respectively. Hydrogen 

atoms not participating in the hydrogen bonding scheme are omitted for reasons of clariy. 



Fig. 3. A view in projection down the c axis of the stacking of 2-D supramolecular arrays alng 
the b axis in (I), and with the O — H - 0 and N — H -O hydrogen bonding shown as orange and 
blue dashed lines, respectively. 



Benzyl iV-(2-hydroxy-1 E)-2- hydroxybenzylidene]hydrazinecarbonyl}ethyl)carbamate 



Crystal data 




C 18 H 19 N 3 0 5 


,F(000) = 376 


M,-= 357.36 


D x = 1.358 MgnT 3 


Monoclinic, P2\ 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: P 2yb 


Cell parameters from 11033 reflections 


a = 5.0338 (5) A 


9 = 2.9-27.5° 


6 = 31.357 (3) A 


|i = 0.10mm _1 


c = 5.5882 (6) A 


T= 120 K 


13 = 97.890 (3)° 


Lath, colourless 


V= 873.72 (16) A 3 


0.25 x 0.05 x 0.02 mm 


2 = 2 





sup-2 



supplementary materials 



Data collection 

Bruker-Nonius Roper CCD camera on K-goniostat 
diffractometer 

Radiation source: Bruker-Nonius FR591 rotating an- 
ode 

graphite 

Detector resolution: 9.091 pixels mm" 1 
cp & co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2007) 
r min = 0.654, r max = 0.746 
8786 measured reflections 

Refinement 
Refinement on F 2 
Least-squares matrix: full 

R[F 2 > 2o(F 2 )] = 0.053 

wRiF 2 ) = 0.098 

S= 1.06 
2034 reflections 
247 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 



2034 independent reflections 

1485 reflections with / > 2a(I) 
R int = 0.066 

^max — 27.5 , 6 m j n — 3.7 
h = -6^6 

k = -40^40 

/ = -7-»7 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = \l[a 2 (F 2 ) + (0.0303P) 2 + 0.1614F] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap max = 0.17eA~ 3 
Ap min = -0.20eA- 3 
Absolute structure: nd 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Is. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z U^o*IU eq 

01 0.7558 (5) 0.24963 (8) 0.4299 (5) 0.0409 (7) 
HIO 0.629 (9) 0.2299 (15) 0.440 (9) 0.061* 

02 0.2652 (5) 0.16299 (9) 0.6800(5) 0.0427 (7) 
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Atomic displacement parameters (A 2 ) 



u n u 22 u 33 u n u n u 23 

01 0.0346 (15) 0.0338 (15) 0.0538 (17) -0.0029 (12) 0.0040 (13) 0.0000 (14) 

02 0.0275 (13) 0.0537 (18) 0.0434 (15) 0.0004 (12) -0.0074 (12) -0.0141 (13) 



sup-4 



supplementary materials 



01 
\JJ 


a n.777 ( 1 a\ 
U.UZ / / (13) 


A A/T/1 7 HQ\ 

u.uo4 / [Ly) 


A A170 (\ C\ 

U.U3 /o yi-~>) 




A A1 If) /I A\ 

U.U1 jy yi-^) 


A AACA / 1 1 \ 
U.UU DU ^1 1 ) 




A A7/1 Q /I A\ 

U.UZ45 ^ 14J 


<J4 


A A 1 QQ /1 7) 

u.uiyy 


A A/1 C/1 / 1 *T\ 

U.U4D4 {l 0) 


a ac/:q /1 7\ 
U.UjdV (,1 /J 




A AAA/: /I 1 \ 

U.UUUo yi-i) 


A AAA 1 /I 7\ 

u.uuyi ylZ) 




A A1 7Q /I A\ 

u.ui /y (i4j 


(\z 
Uj 


n n77 1 /1 o\ 

U.UZZ1 (l^J 


A A7Q7 /I A\ 

U.UZyZ (14) 


A AT no /I /1\ 




A A AO 1 / 1 A\ 

U.UU31 (,1UJ 


A AA/1 O /I 1 \ 

U.UU45 yi-i-) 




A A1 A/1 n 1\ 

U.U1U4 (1 1 ) 


IN 1 


A AT/17 (\ *\ 
U.UZ4/ (,OJ 


A A707 /1 /:\ 

U.UZo / (,10j 


A A/1 A /7^ 

u.u^y (z ) 




A AA 1 ■} /I 0\ 

U.UU13 yiD ) 


A A A C 1 /I ^\ 

U.UUjI (14J 




A ai r\/: ( 1 c\ 
U.UlUu (loj 


XT'") 

JNZ 


u.uzoi (ioj 


A A70A /1 z;\ 

U.UZoU (1 0) 


A A/1/1 /7\ 

U.U44 ^Z ) 




A AA7 1 /'I 1\ 

U.UUZ3 ^ 


A AAAQ /I /1\ 

u.uuuy ( i4j 




U.UU /U ^ 14J 


IN J 


A A 1 70 /I \\ 

U.U1 /o (14J 


A A') QA / 1 *T\ 

u.uzyu (,ioj 


A A1C1 /I 

U.U3j3 (loj 




A AA77 / 1 7\ 

U.UUZZ ^1 ZJ 


A AAT 7 / 1 Q\ 

U.UU3Z (,13J 




A AAQ7 /I T\ 

u.uuy / (,1 


C 1 
Ul 


A ATC /")\ 

U.U3 J (Z J 


A ATA /7\ 

U.U3U (ZJ 


A A/1/1 /7~\ 

U.U44 yZ ) 




A AA7A (\ f\ 

U.UUZU (lOJ 


A A 1 QQ / 1 0\ 

u.uuy yio) 




A AAQ 1 /I 7\ 

U.UU51 (,1 /J 


\^Z 


A ATT 

U.U33 (Z ) 


A A77Q /I Q\ 

U.UZ /V yi-y) 


A AC 1 /7\ 

U.UjI yZ) 




A AA C Q /I f\ 

U.UUD3 (loj 


A A 1 T /C /I 0\ 

U.U130 (loj 




A AA C 7 /I Q\ 

u.uujz (lyj 


Co 


U.U34 yZ ) 


A ATA /T\ 

U.U3U yZ) 


A a/:a /t\ 

u.uou ^3 j 




A AA IT no\ 

U.UU 13 ^ Y<S) 


A AAQC / 1 Q\ 

u.uuyj (iyj 




A AA c fy\ 

U.UU j yZ ) 


C4 


A A/1/1 n\ 

U.U44 yZ ) 


A ATT /7\ 

U.U33 yZ) 


u.uoy (3 j 




A AA7/1 /I Q\ 

U.UUZ4 yVo) 


A A7 1 ^7^ 

U.UZ3 yZ ) 




A AA C /7\ 

U.UUj (^Z J 


Cj 


A Ac/; /t\ 

U.Ujo yj ) 


A A/1 7 /7\ 

U.U4Z (ZJ 


A A C 7 /T\ 

U.Uj / ( j ) 




A AA7 /7^ 

U.UU / yZ) 


A A7 1 /7^ 

U.UZ1 yZ) 




A AA 1 /7\ 

U.UU1 (ZJ 


Co 


A A/1 7 /")\ 

U.U4 / (Z ) 


A A/1 7 /7\ 

U.U4Z yZ) 


A A/1 C /7\ 

U.U4 J ^Z J 




A A AT C /I Q\ 

u.uuj j ^iyj 


A A 1 /] /7\ 

U.U 14 ^Z J 




A AA7I Q\ 

U.UU Id yiy) 


c/ 


U.U3Z yZ J 


n nin ^7\ 
U.U3U yZ) 


n n/in /'ta 

u.U4y (z ) 




U.UUJo yi-~>) 


U.UUoU (loj 




r\ r\ 1 1 /'i n\ 

- U.UI30 (iyj 


to 


A AT in /I 7\ 

U.UZ1U (,1 /J 


A A7QC /I Q\ 

U.UZvj yly) 


A A1Q /7\ 

u.ujy yz ) 




A AA/1 7/I C\ 

U.UU4Z (1 D) 


A AA1A /I C\ 

U.UU3U (1 D) 




A AI 1 A /I 7\ 

U.UI 1U (1 I) 


Cy 


A ATQA / 1 7\ 

U.UZ3U (1 1 ) 


A A7QQ /I Q\ 

u.uzyy (lyj 


A AT 7 1 / 1 Q\ 

U.U3Z1 yiy) 




A AA C 7 /I C\ 

U.UUj / (,1 


A AAAQ /I C\ 

U.UUU3 y\-~>) 




A A AT C / 1 C\ 

U.UU3 j y\-~>) 


C1U 


A ATQ1 /I Q\ 

U.UZyi {ly) 


A A/1 £ /7\ 

U.U40 (ZJ 


A AT/1 /7\ 

U.U34 ^Z J 




A A1 1 A ( 1 7\ 

U.U1 14 ^1 / J 


A AAA7 / 1 /T\ 

U.UUU/ (,10J 




A AA/TQ / 1 Q\ 

U.UUoy yi-o) 


1 1 
CI 1 


A AT/i 0 nn\ 

U.UZ45 (iyj 


A AT 17 / 1 Q\ 

u.uj 1 / (iyj 


A AT IO / 1 Q\ 

u.uj lo (lyj 




A AA7/1 /I C\ 

U.UUZ4 (1->J 


U.UUOO ^ 1 Jj 




A AA77 /I £\ 

U.UU /Z (lOJ 


1 7 

C1Z 


A A70 

U.UZ5 (Z J 


A A/1 A /7\ 

U.U4U (ZJ 


U.Uol (3 J 




A AAQ/C /I 7\ 

u.uuyo (,1 /j 


A AAZ, /7\ 

U.UUo (Z J 




A A77 fy\ 
\j.\jZZ yZ ) 


C13 


0.0280 (19) 


0.029 (2) 


0.042 (2) 




-0.0010 (15) 


0.0006 (17) 




-0.0080 (17) 


C14 


0.042 (2) 


0.030 (2) 


0.042 (2) 




-0.0026 (17) 


0.0029 (18) 




-0.0054 (17) 


C15 


0.059 (3) 


0.037 (2) 


0.041 (2) 




-0.003 (2) 


0.013 (2) 




-0.0047 (19) 


C16 


0.057 (3) 


0.031 (2) 


0.043 (2) 




0.0049(18) 


0.006 (2) 




-0.0081 (19) 


C17 


0.052 (2) 


0.029 (2) 


0.053 (3) 




-0.0063 (19) 


0.010(2) 




-0.0085 (19) 


C18 


0.042 (2) 


0.039 (2) 


0.045 (2) 




-0.0071 (18) 


0.0127(19) 




-0.0061 (19) 


Geometric parameters (A, °) 
















Ol— C2 




1 i&r\ fz\ 
l.ioU (p j 


C5- 


-C6 




1 
1 


.389 (6) 


Ol— HIO 




n on 
O.oV (5) 


C5- 


-H5 




n 
U 


.9500 




02— C8 




1 Til //I \ 

1.231 (4) 


C6— H6 




n 
U 


.9500 




03— CIO 




1 A IO 1 A \ 

1.425 (4) 


C7- 


-H7 




n 
U 


.9500 




03— H30 




U.64 p ) 


C8- 


-C9 




1 
1 


.540 (5) 


04— Cll 




1 ll/l //1\ 

1.224 (4) 


C9— C10 


1 
1 


.510 (5) 


05— Cll 




1.352 (4) 


C9- 


-H9 




1 
1 


.0000 




05— C12 




1 /ICQ /■/) \ 

1.453 (4) 


C10- 


-HI OA 


n 
U 


.9900 




Nl— C7 




1 inn 
1.2VU (5) 


C10- 


-HI 0B 


n 
U 


.9900 




Nl— N2 




1 ICQ (A\ 

i.3sy (4j 


C12- 


-C13 


1 
1 


.506 (5) 


N2— C8 




1.333 (5) 


C12- 


-H12A 


n 
U 


.9900 




N2— H2N 




n nn (a \ 

u.yu (4) 


C12- 


-H12B 


n 
U 


.9900 




N3— Cll 




1 T2C\ f A\ 

1.33V (4) 


C13- 


-C14 


1 
1 


.387 (6) 


N3— C9 




1 A 

i.43y (4) 


C13- 


-C18 


1 

1 


.395 (5) 


N3— H3N 




0.V5 (4) 


C14- 


-C15 


1 
1 


.379 (5) 


CI— C6 




1.4UU (5) 


C14- 


-H14 


n 


.9500 




CI— C2 




1 /inn 

1.409 (5) 


C15- 


-C16 


1 


.383 (6) 


CI— C7 




1.458 (5) 


C15- 


-H15 


0 


.9500 




C2— C3 




1.394 (5) 


C16- 


-C17 


1 


.387 (6) 


C3— C4 




1.383 (6) 


C16- 


-H16 


0 


.9500 




C3— H3 




0.9500 


C17- 


-C18 


1 


.379 (5) 


C4— C5 




1.390 (6) 


C17- 


-H17 


0 


.9500 





sup-5 



supplementary materials 



C4 — H4 


0.9500 


C18 — H18 


0.9500 


P1 p i i ] i n 
CZ — Ol — H1<J 


111 f1\ 

111 (3) 


mi pn i in 

JN3 — cy — riy 


1 no n 
lUo.U 


Pin pi Hi/"! 
C1U — <J3 — 113 O 


1 n*7 S1\ 
1U / (3) 


Pin pn l in 

ciu — cy — hiy 


1 no n 
lUo.U 


ni i pc pn 
CI 1 — Uj — CIZ 


11/1 "7 /1\ 
114. / (Z) 


p o pn on 

Co — cy — hiy 


1 no n 
lUo.U 


C/ — JN 1 — JNZ 


I i r n p>\ 

I I J.y (3) 


p, "j p 1 n p n 

U3 — c i u — cy 


111 o f1\ 

111.5 (3) 


/"^O M1 Ml 

Co — JNZ — JN I 


I i o o p* \ 

1 lo.o (3) 


p, "J pm ui A A 

(J3 — C 1 U — rl 1 UA 


1 nn i 

iuy.3 


PQ \M TJOM 

Co — JNZ — HZJN 


111 p)\ 

121 (3) 


p n pm m n a 
Cy — C 1 U — rl 1 UA 


1 nn i 

iuy.3 


Ml Ml TJOM 

JN 1 — JNZ — HZJN 


1 in 

1ZU (3) 


p. -} pm m no 
<J3 — C 1 U — H 1 Ur> 


1 nn i 

iuy.3 


p| | XT1 Pfl 

CI 1 — JN3 — cy 


llv. / (3) 


pn pm m no 
Cy — C 1 U — H 1 Ur> 


1 nn i 

iuy.3 


PI | Ml HIM 

CI 1 — JN3 — H3JN 


I i o pt\ 

1 lo (Z) 


ul a* pm m no 
H 1 UA — C 1 U — H 1 Ur> 


1 n*7 n 

iu/.y 


pn \t-i ttim 

CV — JN3 — 113 JN 


1 11 /1\ 

1ZZ (Z) 


p. /I P 1 1 Ml 

U4 — Cll — JN3 


| If Q /I \ 

IZj.3 (3) 


p/: pi p-> 

Co — CI — CZ 


1 1 O /"3\ 

llo.o (3) 


P/l P 1 1 PC 

U4 — Cll — Oj 


in o 
1Z3.0 (3) 


p/: pi p-7 

Co — CI — C/ 


1 1 O A f A\ 

1 lo.4 (4) 


Ml PI 1 PC 

JN3 — Cll — Oj 


1 1 n n 
HU.y (3) 


P1 pi p-7 

CZ — CI — c/ 


111 n (A \ 

1Z3.U (4) 


p. C p 1 i p 1 ~> 

V J — C 1 Z — C 1 3 


1 no i /"]\ 
lUo.Z (3) 


p. 1 PO pQ 

Ol — CZ — C3 


in o //i \ 
11 /.o (4) 


p. C P 1 1 TT 1 1 A 

Uj — C 1 Z — H 1 ZA 


1 1 n 1 
1 1U.1 


p. 1 ( •-) PI 

U 1 — CZ — C 1 


1ZZ.Z (3 J 


p 1 1 p 1 1 TT 1 1 A 

C 1 3 — C 1 Z — H 1 Z A 


1 1 n 1 
1 1U.1 


pi p-> pi 

C J — CZ — C 1 


i in a (A \ 
1ZU.U (4) 


PC P11 TT1 lO 

<J j — C 1 Z — H 1 Zr> 


1 1 n 1 
1 1U.1 


P/l pQ pi 

C4 — C3 — CZ 


1 in ^ ( a\ 
(4) 


PI 1 P11 TJ1 1D 

Cl3 — CIZ — HIZB 


1 1 n 1 
1 1U.1 


P/l PQ TJ1 

C4 — C3 — hi 3 


ny.y 


TJ1 1 A p 1 1 TT 1 lO 

H 1 ZA — C 1 Z — H 1 Zr> 


1 no a 
lUo.4 


P~) p-> TJ1 

CZ — C3 — rl3 


nnn 

i iy.y 


pi 1 A p 1 Q P10 

C 14 — C 1 3 — C 1 o 


HO/; 

1 lo.o (3) 


PI p /] pc 

C3 — C4 — Cj 


1 1 C\ & (A \ 

1ZU.0 (4) 


pi i pi i pii 
C14 — C13 — CIZ 


111 ^7 

1Z1 . / (3) 


pi p/l II A 

C3 — C4 — rl4 


i i n t 
liy. / 


pi o pi 1 P11 

C 1 o — C 1 3 — C 1 Z 


1 1 n *7 //ia 
liy. / (4) 


PC p/l I I | 

Cj — C4 — 114 


i i n t 

liy. / 


pic pi/i pn 
C 1 J — C 1 4 — C 1 3 


1 in n fA \ 
IZU.y (4) 


P/l pc p /" 

C4 — Cj — Co 


i i n c (a \ 

ny.j (4) 


pi r pi j T_r 1 /i 
CI J — C14 — 1114 


imc 

i iy.j 


P/l PC IIC 

C4 — Cj — rl j 


1 in i 
1ZU.3 


PII pi/1 TT 1 /] 

C13 — C14 — 1114 


imc 

i iy.j 


p/: pc lie 

Co — Cj — Hj 


1 in i 
1ZU.3 


p 1 /i pic p i /: 
C 14 C 1 J — C 1 0 


1 in i (a \ 
IZ\).Z (4) 


pc p /" pi 

C j — Co — C 1 


111 1 (A \ 

1Z1.1 (4) 


p|| pK O 1 C 

C 14 — C 1 j — H 1 j 


1 1 n n 

ny.y 


PC P/l ttz; 

Cj — Co — Ho 


line 


p|/ P1C me 

Clo — CI j — HI j 


1 1 n n 

ny.y 


p i p /■ 1 1/ 
CI — Co — hlo 


imc 

ny.j 


p 1 c pi/: pn 
C 1 J — C 1 o — C 1 / 


1 1 n e ( a\ 

ny.j (4) 


Ml p-7 pi 

JN 1 — C/ — CI 


1 in i /"3\ 
1ZU.3 (3) 


PK p 1 r ii 1 / 

C 1 j — C 1 o — H 1 o 


1 in i 
1ZU.3 


Ml P*7 XT'? 

JN 1 — C / — hi / 


lino 
llV.O 


pn p 1 z o 1 ^ 
C 1 / — C 1 o — H 1 o 


1 in i 
1ZU.3 


p 1 p-7 II -7 

CI — C / — hi/ 


imo 

i iy.o 


pi o pn pu 
C 1 o — C 1 / — C 1 o 


1 in i //ia 
1ZU.3 (4) 


09 PR N? 


1 74 4 


pi Q CM T41 7 

V 1 o — V 1 / — 1 1 1 / 


117.0 


02 — C8 — C9 


120.6 (3) 


C16 — C17 — H17 


119.8 


N2 — C8 — C9 


114.9 (3) 


C17 — C18 — C13 


120.5 (4) 


N3 — C9 — CIO 


111.8 (3) 


C17 — C18 — H18 


119.7 


N3 — C9 — C8 


110.6 (3) 


C13 — C18 — H18 


119.7 


CIO — C9 — C8 


110.5 (3) 






f^H Ml MO t~*Q 

C / — JN 1 — JN I — Co 


— Ioj.j (3 J 


xf) r^o r^Q \ti 
JN L — Co — Cy — JN 5 


H 1 1 (A \ 

71.1 (4) 


f^c pi r^T 

Co — C 1 — C2 — U 1 


i /o.y (3) 


U2 — C8 — C9 — C 1 U 


13.0 (4) 


C/ — CI — C2 — Ul 


i n /e\ 

2.0 (5) 


JN 2 — C8 — C9 — C 1 U 


-lo4. / (i) 


f^c pi r^T r^i 
Co — C 1 — C2 — Cj 


1 C /e\ 

1.5 (5) 


JN i — C9 — C 1 U — U3 


1 li.l (5) 


/— <-7 /ii /~"> /~iT 

C / — CI — C2 — C3 


-1 / 1.0 (i) 


C8 — C9 — C 1 U — U3 


63.2 (3) 


Ol— C2— C3— C4 


179.4 (3) 


C9— N3— Cll— 04 


-3.6 (5) 


CI— C2— C3— C4 


-1.0 (5) 


C9— N3— Cll— 05 


177.9 (3) 


C2— C3— C4— C5 


0.4 (6) 


CI 2— 05— Cll— 04 


-0.2 (5) 


C3— C4— C5— C6 


-0.3 (6) 


CI 2— 05— Cll— N3 


178.3 (3) 


C4— C5— C6— CI 


0.8 (6) 


Cll— 05— C12— C13 


174.0 (3) 



sup-6 



supplementary materials 



Cz — CI — Co — C5 


-1.4 (5) 


z~*c rn n i a 
U5 — C 1 z — C 1 3 — C 1 4 


AQ A i £\ 
—45.4 (5) 


f^n r^i r^c r^z 
C/ — CI — Co — C5 


1 HH H {1 \ 

177.7 (3) 


U5 — C 1 z — C 1 j — C 1 6 


Ml H i A \ 

Hi. I (4) 


\n mi f^n r^i 
JNZ — Nl — C/ — CI 


1 HH 1 (1\ 

177.1 (3) 


no pii pn pir 
CIS — C13 — C14 — CIS 


O.V (0) 


Co — CI — C/ — Nl 


1 "7fl "1 S1\ 

—i /y.z (3) 


Clz — C13 — C14 — CIS 


1 HH 1 i A \ 
— 1 / /.I (4) 


Z~"> Z" 1 1 r"7 TvT 1 

Cz — CI — C / — N 1 


-0.2 (5) 


C13 — C14 — C15 — Clo 


-0.2 (6) 


Nl— N2— C8— 02 


-3.2 (5) 


C14— C15— C16— C17 


-0.3 (6) 


Nl— N2— C8— C9 


174.9 (3) 


C15— C16— C17— C18 


0.1 (7) 


C 1 1 — N3 — C9 — C 1 0 


82.9 (4) 


C16— C17— C18— C13 


0.6 (6) 


Cll— N3— C9— C8 


-153.6 (3) 


C14— C13— C18— C17 


-1.0 (6) 


02— C8— C9— N3 


-110.7 (4) 


C12— C13— C18— C17 


177.0 (4) 



Hydrogen-bond geometry (A, °) 
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Symmetry codes: (i) x-\,y, z; (ii) x, y,z-\; (iii) x+\ , y, z. 



H-A D-A D—H-A 

1.88 (5) 2.648 (4) 143 (4) 

1.79 (5) 2.616 (4) 167 (5) 

1.87 (4) 2.758 (4) 168 (4) 

1.97 (4) 2.897 (4) 165 (3) 
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